Exact solutions for vibrational levels of diatomic molecules via the Morse potential are obtained by means of the asymptotic iteration method. It is shown that, the numerical results for the energy eigenvalues of 7 Li 2 are all in excellent agreement with the ones obtained before. Without any loss of generality, other states and molecules could be treated in a similar way.
Since the appearance of the Schrödinger equation in quantum mechanics, there have been continual researches for studying Schrödinger equation with an exactly solvable potentials by using differenet methods. The range of potentials for which Schrödinger equation can be solved exactly has been extended considerably owing to the investigations inspired, for example, by super-symmetric quantum mechanics [1] , shape invariance [2] , the factorization method [3] [4] [5] [6] [7] [8] , and recently the asymptotic iteration method (AIM) [9] .
In recent years much attention has been focused on AIM. This method reproduces exact solutions to many differential equations which are important in applications to many problems in physics, such as the equations of Hermite, Laguerre, Legendre, and Bessel [9] . The AIM also gives a complete exact solutions of Schrödinger equation for Pösch-Teller potential, the harmonic oscillator potential, the complex cubic, quartic [10] , and sextic anharmonic oscillator potentials [11, 12] . Very recently we applied the AIM and found the exact eigenvalues for the angular spheroidal wave equation [13, 14] .
Encouraged by its satisfactory performance through comparisons with the other methods, we feel tempted to extend AIM to solve exactly the one-dimensional Schrödinger equation with the Morse potential [15] . This potential has played an important role in many different fields of physics such as molecular physics, solid state physic, and chemical physics, etc. This potential has been studied by many different approaches such as the standard confluent hypergeometric functions [16] , the algebraic method [17] , the supersymmetric method [18] , the coherent states [19] , the controllability [20] , the series solutions with the mass distribution [21] , laplace transforms [22] , etc.
Fortunately, the one-dimensional Schrödinger equation with the Morse potential can be reduced to a second-order homogenous linear differential equation, and we therefore directly can make use of AIM to formulate an elegant algebraic approach to yield a fairly simple analytic formula which gives rapidly the exact energy eigenvalues with high accuracy. Most importantly, the numerical computation of the Morse potential energy eigenvalues using this method is quite simple, fast, and the energy eigenvalues were satisfying a simple ordering relation. Therefore, one can unambiguously select the correct starting energy eigenvalue. Moreover, this work shows that, the AIM can be a simple alternative approach for computing the vibrational levels of the Morse potential.
In this spirit, this paper is organized as follows. In Sec. 2 the asymptotic iteration method for Schrödinger equation with the Morse potential is outlined.
The analytical expressions for asymptotic iteration method are cast in such a way that allows the reader to use them without proceeding into their derivation. In Sec.
3 we present our numerical results compared with other works, and then we conclude and remark therein.
Formalism of the asymptotic iteration method for Schrödinger equation with the Morse potential
As an empirical potential, the Morse potential has been one of the most useful and convenient model, which gives an excellent qualitative description of the interaction between two atoms in a diatomic molecule. As we know the rotational energy of a molecule is much smaller than that of its vibrational energy, and therefore, in a pure Morse potential model the rotational energy of a molecule has been omitted.
Hence, the Schrödinger equation for Morse potential with angular momentum
where E n are the energy eigenevalues, and V (x) is the Morse potential function
Equation (1) is called one-dimensional schrödinger equation, if x is defined on the whole line (−∞ < x < +∞), and the eigenfunctions are normalized
However, for real diatomic molecules x should ranges from 0 to ∞.
D e is the dissociation energy, x e is the equilibrium internuclear distance of a diatomic molecules, µ is the reduced mass, and β is an adjustable parameter. Morse potential has a minimum value at x = x e , and it is zero at x = ∞. At
has a finite value of D e (e 2βxe − 2e βxe ) that is positive when βx e > ln2.
Starting with Morse's substitution u = e −β(x−xe) 2
, we rewrite equation (1) 
Furthermore, we remove the first derivative by proposing the ansatz
Which in turn implies
where
If we further introduce the frequency
of classical small vibrations about the equilibrium position x = x e , and express the energy parameters in unithω 0 ; that is,
it is now more convenient to write the eigenvalue problem in the re-scaled form
In order to guarantee the asymptotic behaviour of this eigenvalue problem when u −→ ∞, and u −→ 0 we found that this asymptotic behaviour suggests that
This implies that the function f n (u) will satisfy a second-order homogenous linear differential equation of the form
The systematic procedure of the asymptotic iteration method begins now by rewriting equation (11) in the following form
where λ 0 (u) = (8∆u − 2ǫ n + 2 u ), and s 0 (u) = (12∆ + 8∆ǫ n − 32∆ 2 ).
The primes of f n (u) in equation (12) denote derivatives with respect to u. Now, in order to find a general solution to this equation we rely on the symmetric structure of the right hand side of equation (12) . Thus, if we differentiate equation (12) with respect to u, we obtain
Likewise, the calculations of the second derivative of equation (14) yield
th , and (k + 2) th derivatives, k = 1, 2, ..., one can obtain
and
respectively, where
. (18) The ratio of the (k + 2) th , and (k + 1) th derivatives, can be expressed as:
that is,
Thus equation (19) can be reduced to
which yields
where C 1 is the integration constant, and the right hand side of equation (22) follows from equation (18), and the definition of ̺. Substituting equation (22) into equation (16) we obtain a first-order differential equation
which, in turn, yields the general solution to equation (12) 
Here, it should be noted that one can construct the eigenfunctions f n (u) from the knowledge of ̺.
Numerical results for the vibrational levels of the Morse potential
Within the framework of the AIM mentioned in the above section, the energy eigenvalues of the Morse potential ε n are calculated by means of equation (20) . To obtain the energy eigenvalues ε n , first equation (20) is solved for ǫ n where the iterations should be terminated by imposing a condition δ n (u)= 0 as an approximation to equation (20) . On the other hand, for each iteration, the expression δ n (u) = s n (u)λ n−1 (u) − s n−1 (u)λ n (u) depends on two variables: ǫ n , and u. The calculated ǫ n by means of this condition should, however, be independent of the choice of u. Nevertheless, the choice of u is observed to be critical only to speed of the convergence to ǫ n , as well as for the stability of the process. In this work it is observed that, the best starting value for u is the value at which the effective potential of equation (9) takes its minimum value, that is when u = 1. Therefore, at the end of the iterations we put u = 1.
The results of the AIM for ǫ n with different values of n, yield
respectively, that means
The parameters ǫ n were calculated by means of 18 iterations only. Therefore, the exact energy eigenvalues of the Morse potential ε n are
For numerical illustration, in [23] , and to the calculations of this work using AIM. One can also compare the results of this work with those of H. Taşeli [24] , and can easily judge the accuracy of the AIM.
Finally, we would like to emphasize that, within the framework of the AIM, we have easily obtained the exact bound state solutions for the one-dimensional
Schrödinger equation for the Morse potential. 
